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(57) mm 

[«ftfSJ WtTiHWiLMo, V, N 
b, Ta, ZrM H i <D'pti< iMtN (& 

i) ic (k*) t^wLias^ffl. ^ft^ is* 
^fttKDWRte* 7 5 ~ 9 5 as % t&mmm&m* 

£-&fc;fev»T, a*tt»^+©w©*w*a«wcfciJIJ9: 
LT6 0~9 Ofi»%, T i ©#WS#fT i N, X«T 
iNtTiClCMLT3~3 0ii%, Mo, V, N 
b, Ta, Zr&tfHfC^f^ti^Mo, C, V 
C, NbC, TaC, Z r C, HfCK&SCbO. 5~ 
10fi»%-T?fctK *HC5~15^mJ?*^Sfl2fe 

^RaTl. 5/ i mOTT$|,^i:^|iinwC 
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1 

ItHjfrRl] WtTiMI^tl/Mo, V, N 
b, Ta, ZrMfO'M<ifeiai:N 
tC (^) £*-MrLTfcSJSMb«j. ^Sft 
7 5 ~ 9 5 S*% 

ttttfe^^OWO-^WS^WCKSUSlxTe 0~9 0 
mm%, T i CD^-WS^T i N, XteT i NtT i ClZ 
i»UT3~3 0lI%, Mo, V, Nb, Ta, Z r 10 
RtfH f C^tt^Mo, C, VC, NbC, Ta 
C, Z r CSiOtH f ClC&gLO. 5~10fig%T& 

+ *«0. 6~0. 9 5TT*4Ci*<$it 

-rait ^ 2 jct2«® wcsg«^. 

[»*S4] WtTiMM^bMo, V, N 
b, Ta, Z r&tfH f ©'>&< fcfe lfltN (£$) 

tiSS^'t'OWO^fl^WC \Z%m bt 6 0 ~ 9 0 
MM%> T i <D<£ftm.frT i N, X«T i NiT i CIC 30 
i»LT3~3 0il%, Mo, V, Nb, Ta, Zr 
X.tfH f ©^-»h^*a**M o, C, VC, NbC, Ta 
C, ZrCWHfClcMLTO. 5~10fiS%T? 

S^SC 5-15 vml^fflKtfcftl^Sb, 
?£3EU d^Oft:51.)lCD«®ffi.$diRaTl. 5 (im^T 

(nt^m 5 ] m.mtmm<Dm-z& 1 8 o o JiutT&s 

0. 6~0. 9 5T?»*i:t*w«fr 

[fl*^7] 5«mElTOWCtTi!£M 
ttHSftO. 5 /imOT©WCi:T i £&31WK:#*4 a 50 
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mmzi^\kmms-§ &m&m<n>mcM (w*kk) ^' 

ttffl&CSfttl 0 0 0'Cd^ffiffiffi^^±T*S« 
1 ~ 5 T o r r CD— JBE^OSJfctfXS! 
ffl^TFirU SWSj&jigfM&fcT 1 00~500Torr 
©-^JE^©aS^XHHaTT 1 ~ 3 P#ffl«ft, 

[W#Jg8] IftSO. 5 jtimj^T©WCtT i Sr^S 

mzs&4 am&mmf5 am&m&*>m\$n&&m<D 
mem. &{kVamfmmt.<toEi.zf6 am&mvmt® 

tt»«0. 5 KmOTOWCtT i *&m.mz-£%.A a 

®)Rzfg&L{bVfRjf6am&m<z>fc{by> (w&mo 

JB, «6*SRtPftaiX8*ftTIII*9|4eDWCafe««^ 

o o ox;frt,m8ttimi&g.&.±~Te$>z>m. 

«?§MgiTl 0-'TorrPi±lTor rJ£TF©Jl 
StL, fiH&lgi&gSfcT 100~500Torr ©— 
^ff^©S^^X#H^TT?l~3^ra«J$. WMMm- 

[0 0 0 1] 

X«&SJ, iiSM/t^f&i-f^MIItLTlbT 

fun & w c *as-&^s.oc^ \zmt -5 

&©-?&-£>. 
[0 0 0 2] 

[ft*©feflf] ft*. «JBlXftttjH«^&Xft 

ICT i C, TiCN, Al, O, 6t'Ot75>y^4 

felb> ^tttW^ft14*iff5i^-a-fea-^^>^x* 
O«»KJ:0«j|iiJIAOttllBttJR«WKiai±bfc. 0Hx. 
«. WCSmW^-^©^®lrT i CftOt/XIJT i N& 
^'Al, O, S««UT»:0. S*«Sil:Co'J5(f 

B3BB6 1 - 1 1 0 7 7 Ht£tfR) , CVD)*|CJ;I?T i 
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T\ZO. 5~5 /im©*mfc«flat#ttU*©irFK18 
^■ffitr{bft«A« 5 ~ 1 0 0 Mm©iP$-C#ffif 

(#I¥5- 1 7 1 4 4 2^«) «Wffi3lsaft 

WW-SEHflS^IWiS (CVD) *>%S3£»ffi (PV 
D) tKSXmW&MtfcO* m&3Xh&ft<fcZ><D 
X. CVDtPVDT?tI$nfct55 

D, ft*W&*>©lc4#|if?sp7 - 1 2 6 8 3 3&#R-^4$H1 
¥7- 1 8 8 9 0 lW»«. L^Lfc ^6 £*!<=>© 

[0 0 0 3] r»fltJi[)l»^j , 2 9 (19 8 

2), 1 5 9\zj5\,->Ttt*>\tmm&&3mma8mm& 

TV^V»©ttW*«tt*l6«F-r*«W-©«*»»* (5 
~15/im) *Jgfife$-e--5i«KS©G3fl^»b<^: 

u, *§^wic»^«tt©si{b ; &ig<fcje>T*-g., 

[0 0 0 4] 

[W»*Li5itSH] #3§9ftt, _kyi©J;5 
&WBj«ft«HJtb«:"t>© , r, A#fl9K«WC3&ew^ 
©S^B»C«|ife^lC«fcoT*ffiffiS**R aTl. 5 # 
m«T©jft£©J?**f£ofc¥»&^{b&B£#«E;* 30 

-a-, a-7^>yi*afc©»aM*tt£»K*tt**#L 
&^£**wcasiB*^&&tf-*©»B#»:*tett-r 

•5t>©T?&£. 
[0 0 0 5] 

[«ua***-r*fc»©*a] ##gi#5Mu n—r-r 

©*#lct?ViTa**WLfc»*, Jfc©»JL*#&. Jg 
1 CBifiaX h*fi^$-tir-5fcJ6tr«, ^fe©«H©(*»fc 

tttSE«iiT©wca6ia«^t©af»ttfc#Kffc«n* 
-i. S2ciu$8S!|bk »Kwc©*tflE&iB^<-r*i« 

#rafe*-r*W«B©[Hfl©fi«*«Bl(IBtttO 

[0 0 0 6] -rfcto-fe. *»WH:£*T©#iR»cJ;oT4* 

(DWirTiMM^tLMo, V, Nb, Ta, Z 
r&tfH f ©'>&.< tt> lifcN (£.£) tC 50 



) 0-237650 

4 

7 5-9 5 »JL<(i85~95 fig% 

«*WClCiiffbT6 0~9 0fiS%, #£L<te60~ 

8 011%, T i O^WI^T i N, XteT i NtT i 
CI'&3£bT3~3 01S%. !ifSl<(JlO~20i 
S%» Mo, V. Nb, Ta, Z r RtfH f ©-&th^W 
MMo, C, VC, NbC, TaC, Z r C&tfH f 

cmajFbo. 5~ioii%> «F^b<«3~8«a 

%*C&t>, *®IC5~1 5tfm@$, *?2;L<te8~l 

^ ns«M4s^M^©-r^T tNtci^ft m 

»{fcT&D, ^SSftS^RaTl. 5/imJlT, iff 

(2) Kgfls*»B©«3a*i 8 o oeu:, #f£.v<te2 o 
oo«±Tr**ci:*4*ai-r*±E<i) »ctem©wc 

(3) «*£B*©#w«a«mfifcfcTrjsiB/ 

*) *»0. 6~0. 9 5, $ff£U<te0. 7~0. 9 T* 

[0 0 0 7] (4)WtTiM^ilMo, V, N 
b, Ta, ZrS^Hf(D'M<it,lgiN (gig) 

<&©«««& 7 5~9 511%, $?;3;L<te8 5~9 5 

OWOMIA^WClCif LT6 0~9 011%, jf* 
L<IJ6fl~8 0ti%, T i Otf 1AST i N, Xtt 
TiNtTiCCiftT3~3 011%, ffiKB 
10-2 011%, Mo, V, Nb, Ta, Z r&tfH 
f ©-S-H-g-WS^Mo, C, VC, NbC, TaC, Z 
rCMHfCCIILO. 5~1011%, #3;U< 
B3~8ll%TSt), «®«C5~1 5/iml^, «P£ 

l.<«8~i 5 Mm©ji^©^{b^B*i#ffib, mm 
\*-&&\z'£#2ftz>mni®&m!8.tt<D?'<.T t n <t c * 

£>&5ffl£@$#T&D, ^feSitTIC5~5 0 //ml 
£?£L<« 1 5~2 0 um<Dm&CDWCt&milg'& 

&<D?>.T'ffif8.-£nz>m (mem) #*??ftu a>^*Ha 

3**RaTfl. 5um«T, «f£b<te0. 5«mMT 
T * 3 C £ &¥f®. t T § W C 

(5)&&fb4&B©«3;&M 8 0 0J£Ui, »*b<f42 0 
0 0«±Tr**it€»«i:r*±C<4) ICI5«©WC 

M) tfO. 6~0. 95, ifiKIJO. 7~0. 9T 
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[0 0 0 8] (7)*fcK0. 5MmttT, «FSb<»40. 
4 5 /imOTOWCiT i &!&m&}\Z'£fy4 aMIR 
#5 aJ£&R#S»fcm*&JR©JSWt;*, &ft4K&tfft 

6itfn5'>ft < i fe-tXI48« 0 . 5/imtlT, 
#£b<«:0. 4 5 « mHTOWC tT i 

»<) frSfc**^&a«ft*^fc<£fc:r«©*BSH 

s-e-, wae&tw&anssftTiE (oowcas 

ifflW-&^fc-r*«JBD&jSfe-e*oT, KjRttl8A>10 0 

3 0 0~ 1 5 0 01C, l~5Torr, ffi 
b<«2~4Torr (D-ms.fi ©gi!t#7.fl ffl^T t 
U *l^j*SJa*»CT 100~50 0Torr. JfiL 
<«200~400Tor r O— JfeEE*©***XS!B 
«Tt?l~3^ffi»*b<«l. 5~2l$fg]&Jf U m 
g.m%-W%T?tft%l&gl 6 'C/'m i n J^±» »JL<«7 
-S'C/m i nTJft^TS -T£WC*jejg 20 
-&£©»£**£. 
[0 0 0 9] (8)ttflE0. 5#m£JlT» ffiL<B0. 
4 5 wmOTOWCiT i *^aWlC^4 a^&JRR 
1*5 a^S*^S«n-5^M©^t:*J. WMto&Zt®. 

ff*t<IJ0. 4 5 /im£TF©WC tT i 

* U19S0» i b BB-g-^, 
II^tt5SiS#STJ6ot, ^SJglSat 1 0 0 

o"c^e,^ffitBSMS£t±-c?ab-5M^*g}aa[ST. # 

ib<lil 3 0 0~1 5 0 0'C, 10 l TorrJt±l 
Tor r&T. »^b<«l 0" 4 ~1 0' To r r ©— 

•^s.-h(omMfi^nm%-vh\^ wmmmmmzx 1 o 

0~500Torr, £F£b < « 2 0 0 ~ 4 0 0 T o r 
r ©— ^BE*©^^7.^HaT-t?l~3^ra> «F£b 
<ttl. 5~2P#f8HS]tU ^^H»T^aJ3im6 40 
t/minKl. «F*b<«7~8'C/m i ntW 

sit £^atti,wcsfi«^oMjsm 
[ooio] ±e#*©»i»KJ:9*tt&n5$fcfTft« 

(1) WJfeOHl*, aS*WA3-a-ft:«a4l2«»«Rji*W 
tB^S-QrSJltTfWBiJlA, W^X^tbT©Jlfflft; . 

(2) RgflS&B!fCJg©SSS£l 8 0 OJJUClT&iltT 

3-5^ >yxm&(Dwm&&twxm&*mm-zz 
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(4) mg.immmmm.Tizwuim (i-xd *##-r 

(5) ^g{L;#/«tJi©8!££ 1 8 o ojJUir-r-azit-T? 

>*ifttt©»i«*tt£»*lilttS*3lTr*. 

(7) CVD, P VD©SSl84^itf i^cItT 

(8) CVD, PVD©*«lS*jfc»i:*"r«ll«S«ttTf 
[0 0 11] 

\^x^mMsasmcm<r>^n. <th 

C, TiC, TiCN, Mo, C, MC, MN, MCN 
(flbMttV, Nb, Ta, Zr, Hf) ^tf-SCli: 
£fc (Ti, M) C, (Ti, M) N, (T 
i, M) CN, (Ti, Mo) C, (T i , Mo) CN 
t (Ti, W, M) C, (Ti, W, M) N, (T i , 
W, M) CN, (T i , W, Mo) C, (T i , W, M 
o) CN&i:OfflSB^*Mt2.Rm 'AKM, 

^•S^ffite, SftWICteCo, Ni, Fe$±(S&t 

<&§©<!;> 2»IC7 5fig%*^lC7S:Sti^-g-fflS^ 
*H$iC2 5%kLh£&D> ©^©©SftTWgTb 
WfflttiBJ!H3:©*LH£TSJH<. ioTRfffltt^ 
£#©7 5~9 5fi»%t^se>fc. 

[0 0 12] *^©WC*j@«-a-^tc^^SW*tt^ 
^fft'-g-^nTViSWSrT^TWC^gl^Lbe 0~9 0 
aft%^e,^St>©Tafe-5., WC«fttW7 0 0 0 0 
kg/mm 1 T£0v te©«!»ffl, Mx.«T i C©SM£ 
j$W3 2 0 0 0 k g/mm' fctfc^##lri^V%. ^©?ji 

tt*©**sttw**ttfcaw*. «*©niwg*i; 

"Ft" S^t^to^ofc. &IC9 0fifi%£M*.-5<h*!i© 

wnffl. .4*kt i f&ft-cmf&2nz>m'%te&tim#&) \z 
mz> z. hfr*>&&mwmz$rm£.ftLt<ti2>m&fc%)m'x 
mvmummt&ik vx v £ 5 . 

[0 0 13] £fcT i^"W»tt^4'l^*nT^-&N 

m-t^t^t i N\zfcz><b?>tmn.L. m-ircT \ «t 

i Cfcfc*«b©i:iJ|*U £©&#£B**T i N. X\tT 
i NtT i CT3~3 0fiaSKj&*e»fr-5 *>©*?& 5. ± 
fB^SETT i »*«3a*5B*mt&St-&^*B«K:4lf 
W*ri6Sn*|fe6{b4*i««H©»J(etttt*«*fl:b, 3 0 
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^BfcfiTi"*. SJ-Mo, V, Nb, Ta, Z r RZf 
H f ®-&ff-#W£**M o, C, VC, NbC, TaC, 
ZrCWHf CCMITO. 5-1 0li%iM 
bTVi*Ott, 0. 5lf%*«i:fe5i:fltt»tt 

®T£ffi<. Mo, V, Nb, Ta, Z r f ©4> 

ft< tt> ia«*«aj6«AoTv»n«A**:»fflttaBjg 
tt**«fcn*. io 
[0014] *&m\z$>\fz>&m'&&<Dm&mzi*5~ 

^#T«^£*lTi5t>> dtllCJ;Dt¥*©CVDJKv P 

iTJfel-tS^ttAmL, 1 5 /zm£®x.5<hWgS 
< ft D b < ffiTT 

^^cDffiR+a^js^ <h c ©— mmn&mftzmffim 

tNtC4>5a:5«ia«#tft;*. X, l£S©«®ffl. 

[0 0 15] #fgi3rC©fcSgftj&«KB©ff*-i:^B 

«fr*&&J ; 2 9 (1 9 8 2), 1 5 9-"?>#|JSj5p5 - 1 

7 1 4 4 2^^{CS*3tlTti-5. b^b T^^J; 30 

tfJft*?&&J . 29 (1982), 15 9Tfte5 umm 

<I*P§¥5 - 1 7 1 4 4 2*£*TC<b 5 tfmf^^S 
<t^g{fc%Jg©S®^#%<&5£WBbTV>.5. * 
tt^MOWCM^cDfeS^II bT«**M# b 
fcIS*, WCM?0. 5 wmWT©t)©*a%M!|Sfi 
bTMV^ iS"&, j£jgb 1 0 0 0t:j&>&ttfflai!S«tt 
-hT*«.S^i^ia«iTl~5To r r ©— 5£JE#© 
g$^Xf|gTt U ««t«aSSftKlT 10 0-50 
0 T o r r © — feELJ] ©£!&# Xfi^TT 1 ~ 3 RflW 40 
fiWU ^^#K^-t?!^ai5S« 6*0/111 i nKlTft 

aif**fr"c«6«"rnww«i*« 5 ~ 1 5 »m^is% 

$i { RaTl. 5 W mOT©¥t^^Ifc«lfIW# 

[0 0 1 6] WCffiMfc&WO. 5 umZMZ-ZtHgM 
WKlS®ffl.$#*R aTf 1 . 5 Aim£@x.5IH]i&©g!cbV> 



50 



M, SBft^llJ IS (B 0 6 1 0) tr 
JE»*t»i£f«IV*iaa (Ra) ££&)HbTV>-5. jfflfe^r 

[0 0 17] *|gl©WCSiaS^tt«)fflI* t LT 
»JK36**ct**a*uv». M^bt)«®SitT©^ 

5fe©^jS^T?£&-5*i, 1 0 0 o'c^^m.mmmu&i. 

TgigtfT.JE/irSl — 5To r r £IE£bTV>-5. lTo 
ttT#l5&$ns<SW£ CR3ffi<K«) #*£b<5. BBflJIffi 

r r *i8ASfc^rt«fc#7*««*b, £©7tf7£® 

©R*ftKJ:D*^3efl5-rsa«, 1 3 5 ot~ 1500 
tggT^s, u©mg?agTtifigi oo~ 

5 0 0TorrtPI^LTV^Otl, lOOTorr* 

fctl/Tt.t^&fWf&tl&VJ*er*5. X5 0 
OTo r rSix.5tfeix.M0. 5tfmJWT©^M 
ftWC SSftl:fflHTt>*ItS*<R a Tf 1 . 5 urn* 

[0 0 18] flk*E«aSjOEfcT«Jt©a*»H»fcUT 

0 ss*«fiT bHitt^ftt^tf l < 3 t v*? 

KfbfcSfu i^«IJgK6 < C/m i nR±©5g$Tf^-r 
feb»teffi«§M£©g§it3£ffl£U;0 ! fcte 

5. XHn^ffi^Tff&ai-rSt^SmS^R a 1 . 5(1 
■*»*»J« ©tt-htfHftS b < ft 

i». !:5bT*6nfc««HijjBowcaai*'&*tt»« 
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BfcifcffiftflMRKffi, ^©itTKWtT i tMo, V, 
Nb, Ta, Z r&tfH f ©"£©4>fc< tt> ItiN 
(S5*) tC (jft*) £*£-WbTfcSifcfl:4&. SMfc 

[0 0 19] fc\zmwmm<DVfc&mm&&vmMi}m 
■cw^snsKe s**^j«s n*. X£s«i o 'to 

r rRJbl To r r£lT*<&&bV>. CfiD3Ha« 
«SM0JSOj?^.«r$!lffllT-5H^T3&O. £©Jft/3Jl©JiE 
jttmd^S, 5 0 /im^WSlK 5 wm*iSS£&3 

«tiHH!»tt*«fb<ftTl/Tl/*5ii>6T?* 

^OtTICWtTitMo, V, Nb, Ta, ZrRtf 
Hf©f©'>&<it)lltN tC Oft*) t 

[0 0 2 0] Hg)|gMWC£jBK-&&. f^ifflWCS 
««#&<hfclCS*B©^ffc^?RK/i©ffi£#l 8 0 

fM^fcV>£5fci»l3iJ&#T?ttH&a* 1 8 0 0?£ffi-V$> 30 

*fcv»j&»&T?*s. £ ©&£{£&««« ©?B&ttS6**£ 

1 0&«««J£b¥*Mrrrj|Eltib&. 3&K#»9§I;US 
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«MfcB*j*n±. ■HNm&®m]i«> 

(^Ifi+SjSt) =0. 6~0. 9 5T?*t5Ii:^L 
JiSfc J; 0 #&tt«ttittT©^& & CVD^P 

©asm 3 <hj¥^©M&«*&wc br&M 

ft©-&&*>:3 — 5^ >^XAIC*fbCVD, PVDM 
[0 0 2 1] 

«» *»wai~6 ttyftai~8Ht*tso. 4/*m© 

WCStfcKS9tt«rtEl. 0 ym©WCJl^^ffifflb 
fc. (flLC/ (C + N) fc^V»Ttt**IB+fcCM, N 

CNMG 1 2 0 4 0 8MVUZZfUXfiim (ZfUXfE 
It/cm' ) bfc. Jin60BK»flE»flc&JP*K« 
U £*l*j£X3£tC b 7 <C/m i n ©H-iSStftT? 10 0 0 
■CJCJD^, jPrtS3To r rOS3H*I«iU 14 
5 CCSTfJafjft. 1 4 5 0t-C150TorrCg$g 
H«K«D#*., 9 0»W«J»b&. JMIiatlTl 
5 OTo r r©3S*J*HSU£HttLfcS*l 0 0 O'C* 
T^TC/m i n-C»SIU K*tt*»*T?tt»b, SJH'J 
JB^y bfc. 
[0 0 2 2] 
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